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Anecdotal observations have suggested that individual differences in mood state could be one reason for the variability of 
visually evoked potentials (VEP). Therefore, we designed a longitudinal study, in which VEP amplitude was measured and 
psychological dimensions were assessed. All subjects completed a ‘mood state questionnaire’ before each session. The results from 
the VEP measurement and from the mood questionnaire varied widely between subjects. The intraindividual reproducibility, 
however, was high in 15 of 20 subjects, even over 4 weeks. In some cases we found intraindividual variability of VEP amplitude to 
be highly correlated with some factors derived from the mood state questionnaire. An overall analysis of covariance and variance 
(ANCOVA) showed a significant negative correlation between VEP amplitude and the mood factor ‘Tiredness’ and a significant 
positive correlation between VEP amplitude and ‘Activity’. 

IINTRODUCTION 

Visually evoked potentials (VEP) are a useful 
toe! both for basic vision research and clinical 
applications ( alliday, 1982; .Bach et al., 1988; 
Regan, 1989). o assess the validity and reliability 
of VEPs, it is very important to investigate the 
phenomenon’s inter- and intraindividual variabil- 
ity. 

In a previous study we unexpectedly found 
amplitudes to be reduced at all spatial fre- 

quencies on some repeated measurements. As a 
consequence, we checked all parameters in the 
sessions that produced the expected results but 
found them to be normal. owever, upon ques- 
tioning the subjects, we received subjective infor- 
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mation linking low VEP amplitudes with critical 
life events, such as breakup of a long-lasting 
relationship, or receiving a nightly threatening 
phone call, saying ‘“you will be murdered tomor- 
row”. In another case, the reason for the change 
in mood seemed to be the mental load just before 
a final examination. 

To test any correlation between ‘mood’ and 
VEP amplit de, we designed a prospective longi- 
tudinal study, quantifying the ‘mood’ state of our 
subjects via a psychometric ‘mood state question- 
naire’. 

METI-IOIJ S 

Subjects 
We examined 20 subjects, 9 female and 11 

male, aged 23 to 67 years. All were paid healthy 
volunteers, who zave their informed consent to 
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participate in the study. 18 of the 20 were naive 
as to the specific aims of the study. We selected 
our subjects only on the basis of normal acuity, 
which was above 1.0 in all cases. 

Visual stimulation 
Subjects binocularly viewed vertical square- 

wave gratings, which were presented o 
monitor (frame rate 73 hz, resolution 480 X 391 
pixels) and counterphased at a temporal fre- 
quency of 7.8 reversals/s. The screen subtende 
12” X 15" of visual angle at a distance of I14 cm. 
The mean luminance of the stimulus was 3 
cd/m’ at 60% contrast. Spatial frequencies 
ranged from 0.06 to 16 cycles/” and 
sented in 12 steps in a counterbalance 

The active electrode position was 
erence to Fz (Jasper, 1958), one 
grounded. otentials were amplified and band- 
pass filtered ( 1 S-30 z) using a T 
EEG-machine. A total of 60 sweeps of 512 ms 
duration were averaged by a sma I computer 
(280), which also generated the stimuli. 
trol fixation and accommodation, subject 
report small digits which appeared for 3 
the center of the video monitor, AII sti 
conditions were applied at least four times. 

od questiotznaire 

tains adjective 
a five point scale. Six items were score 
factors: 
A Elated mood 

I epressed mood (inverted: 
C’ (inverted: C) 

E’ (inverted: El 
F’ (inverted: F) 
G Activity 
For ease of visual inspection, t ‘negative’ fat- 

tors ‘, C’, E’ and F were inv ted: C = 36-C’. 
This transformation does not in ence any statis- 

tical inferences. 

Procedure 
Each subject was examined in eight sessions 

covering 28 days. Eat session started with the 

non-visual factors (e.g., weather condition, distur- 

documented for 

were tested for normality and 
found to follow a Gaussian distribution after log- 

t as an analysis of variance an 
covariance wit 

session to session, in 
greatly. Fig. 1 depicts 

traces covering eig t sessions (top to 
s as two extreme exam- 

traces show four peaks corre- 
e stimulation rate of 7.8 reversals/s. 

right pan\=1 had a wide variability of the V 
e between sessio 

rophysiologic measures, the 
mood scores varied little in some subjects, w 

ey varied widely fro session to ses- 
sion. Large within-individual excursions in mood 
scores were mostly corroborated by information 
volunteered from the subjects during informal 



Subject Subject 

Time [ms] 500 Time [ms] 500 
Fig. 1. Qriginal recordings from two subjects (left and right panel). The eight traces from top to bottom represent the steady-state 
VEP at 2.5 cycles/” over the eight sessions. The subject in the left panel (KB, #255) had very similar amplitudes in all sessions, 

while the subject in the right panel (OM, #189) showed a wide variability of the amplitude between sessions. 

conversation. To compare the time series of mood 
scores and VEP data, a quantitative measure of 
the VEP amplitude was defined as the spectral 
magnitude at the reversal frequency after Fourier 
analysis of the raw VEP tracings. In Fig. 2, VEP 
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Subject 1 

amplitude is plotted vs time over the eight ses- 
sions (dashed line). In addition, the scores of the 
SES factors A (Elated mood), C (Hostile mood) 
and F (Tiredness) are included (solid lines). Fig. 2 
illustrates the typical finding: High variability in 

” 

1 2 3 4 5 6 7 a 
Sessions 

=Q t=act.A Fact.C * Fact.F -- Ampl. 

Subject 

I 

1 2 3 4 5 6 7 a 
Sessions 

I 0 Fact.A * Fact.C * Fact.F -- Ampl. 

Fig. 2. In both panels VEP amplitude (dashed line) and scores of the SES factors A [Elated mood], C [Hostile mood] and F 
[Tiredness] (solid line:) are plotted vs time over the eight sessions. Subject KB in the left panel with low amplitude variability had 

also lower variability in the mood scores as compared to subject OM (right panel). 



mood was associated with high variability in am- 
plitude. Furthermore, variation of amplitude was 
positively correlated with variation of these mood 
factors. Subject KS (left) with low amplitude vari- 
ability had also lower variability in the mood 
scores as compared to subject QM (right). The 
latter subject reported acute mental load at ses- 
sion 2 and a critical life event (a severe housing 
problem) at session 5. 

Interestingly, depression of VEP amplitude was 
very similar at all spatial frequencies, as illus- 
trated in Fig. 3. VEP amplitude is plotted with 
respect to spatial frequency (‘tuning curve’; Tyler 
et al., 1978; Bach and Joost, 1989). Eig 
tuning curves fro one subject are s 
for each session. bile the exact sh 
tuning curves is nown to vary wide 
subjects, their intraindividual shape remains fairly 
constant (low response at very and very high 
spatial frequencies, Joost and h, 1990; Stras- 
burger et al., 1988). Variability between sessions 
seems to act like a multiplicative factor, common 
to all spatial frequencies. 

For statistical analysis of any correlation be- 
tween ‘mood’ and amplitude, we performed an 
ANCOVA-test on the data from all subjects and 
all sessions. As the amplitude variability was co 
mon to all spatial frequencies (Fig. 3), we aggre- 
gated the amplitude data by summing the ampli- 
tudes from all spatial frequencies, omitting the 
highest and lowest spatial frequencies. T 

1 10 100 

Spatial frequency [cycles/o] 

mood scores (A throug F) entered the AN- 
COVA as independent variables, the aggregate 
logarithmic amplitude as dependent variable. 

aggregated ampli- 

This analysis of covariance and variance re- 
vealed that the covariance between VEP ampli- 
tude and mood scores of all 7 factors reached 
significance for factor F (P = .0039). Subse- 
quently, all possible combinations of F with one 
additional factor were tested. For t e factor com- 
bination F&G, there resulted a surprisingly high 
significance level of 

2 and 0.05 for all com- 
binations) as compare to the effect of mood. 

the significance levels to some degree. 

remain significant on 

analyses, regressions of a 
plotted in Fig. 4 for ah 

I a rrrl 
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Fig. 3. Tuning curves (amplitude vs spatial frequency) for two subjects over eight sessions. Subject BM (left) had a high inter-session 

variability for all sessions. For subject AJ (right), the amplitud:: was reduced in only one session. It can be seen, that relative 

modulation of VEP amplitude between sessions was similar at all spatial frequencies. 
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on amplitude. In concordance with the formal 
analysis above, there is a positive slope in most 
subjects. 

SSION 

robably every researcher who works with 
evoked potentials has been, at some time, frus- 

ted by its variability (Meienberg et al., 1979; 
rter and Guido, 1980; Yolton et al., 1983; 

Uren et al., 1979; Lovasik et al., 1985). One major 
factor causing VEP variability is probably the low 
signal to noise ratio (Fagan et al., 1984; Bach et 
al., 1987). The current results suggest that a sur- 
prisingly high part of the variability can be at- 
tributed to mood in some subjects. Strong mood 
changes due to major life events can affect the 
VEP amplitude by more than a factor of two 
(e.g., Fig. 2). The correlation between ‘mood’ and 
amplitude was strong enough to reach a high 
level of significance, although most of our sub- 

jects were very stable in regard to both mood and 
amplitude over the eight sessions. 

What mechanisms may be responsible for 
‘mood’ modulating VEP amplitude? A very sim- 
ple explanation for the influence of ‘mood’ could 
be based on optical factors (Harter and White, 
1968; Bach et al., 1985; Lovasik et al., 1985): One 
could well imagine that subjects in an ‘uncooper- 
ative mood’ would tend to fixate and/or accom- 
modate more poorly. However, we controlled fix- 
ation behaviour (see methods), and it did not 
deviate between sessions, whereas later analysis 
of the SES questionnaire revealed strong fluctua- 
tions in certain mood scores. Furthermore, poor 
accommodation or defocusing works as an optical 
two-dimens+ . _“,&a1 low-pass filter and would atten- 
uate VEP amplitudes at high spatial frequencies 
much more than at lower spatial frequencies 
(Bach et al., 1989). However, we found that 
inter-session variability affected the VEP ampli- 
tudes at all spatial frequencies similarly (see Fig. 
3). Thus, we believe that trivial optical factors 
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Fig. 4. Original data iilil regression lines of logarithmic amplitude vs factor F for all 20 subjects. Slope varies widely b&ween 
subjects. In a few cases slope is negative; in others there is a fairly steep rise, indicating a strong influence of mood on amplitude. 

In concordance with the formal statistical analysis, there is a positive slopc.~ in most scl;?;ects. 
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such as accommodation or fixation behaviour can 
have played only a minor role in the current 
experiment. This suggests, that any modulation of 
VEP amplitude by ‘mood’ occurs at higher stages 
in the visual processing chain, starting with t 
lateral geniculate nucleus as a probable stage. 

Circadian rhythms have only a small effect on 
ninger et al., 1969; Zim ann et 
excluded this factor by carrying out 

all sessions at the same time of the day. 
In those subjects, where both VE 

and mood scores were stable over all 
found little corrcktion between ‘mood’ and am- 
plitude. This can be explained in two ways: First, 
if the variance is low in either variable, any corre- 
lation will be buried in the noise of all other 
influences. See@;1 it has been suggeste at a 
mood change has to reach a threshold, before its 
influence becomes operative (Yolton et al., 1983; 

opp and Gruzelier, 1989). This threshold could 
different from subject to subject and may be 

related to the structure of personality (Lacey and 
Lacey, 1958; Giirtelmeyer and Zimmermann, 
1984). 

To invoke the term ‘attention’ (without differ- 
entiating between the various psychological con- 
structs in this domain) as an explanation fo 
intraindividual variability of VE 
not further our understanding of this problem. 
There is no generally agreed definition of atten- 

is a concept 

experiment, we quan 
y the SES questionnaire. The fac- 

tor F (inverted Tiredness) had the 
covariance with VEP amplitude. 
could be related to Posner’s (1975) ‘alertness’ or 
‘arousal’, which characterize the organismic state 
which affects general receptivity to input infor- 
mation (Posner, 1975). 

This paper is an attempt at a wed 
psychophysiology with electrophysiology 

e had not expected that the VE 
as early sensory processing, 

influenced by sychological factors as 
such a high degree (if a major life event 

occurs). We are still far fro understanding the 
specific mechanisms invoIved, For further exa 

nations, electrodermal activity might be an inter- 
esting additional psycho~hys~o~o~ica~ 

This work was 
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